A moderately halophilic, Gram-stain-negative, non-sporulating bacterium designed as strain TYRC17
Halophilic bacteria are extremophilic micro-organisms with a worldwide distribution adapted to live in saline environments (Kushner, 1978) , such as natural hypersaline brines, arid coastal sites, deep-sea and salted industrial effluents (Oren, 2002) . The family Halomonadaceae belonging to the class Gammaproteobacteria was originally proposed by Franzmann et al. (1988) and comprises different genera. The taxonomy of this family, under continuous revision, has been recently reviewed by de la Haba et al. (2011) . In this family, the genus Halomonas, represented by more than 80 species at the time of writing (http://www.bacterio.net/), is the largest genus and harbours heterogeneous features with regard to physiology and metabolism (de la Haba et al., 2011) and an unusually wide range of genomic DNA G+C contents (from 51.4 to 74.3 mol%) (Martínez-Cánovas et al., 2004; Quillaguamán et al., 2004) . The genus Halomonas has been divided into two groups (Group 1 or Halomonas sensu stricto and Group 2) based on 16S and 23S rRNA phylogenetic analyses (Arahal et al., 2002; de la Haba et al., 2010) . A multi locus sequence analysis (MLSA) including at least three additional genes (rpoD, gyrB and secA) has confirmed that the genus Halomonas encompasses at least two distinct phylogenetic groups. These groups probably constitute two different genera, even if no clear chemotaxonomic or more general phenotypic features support this division (de la Abbreviations: BV, bootstrap value; FAME, fatty-acid methyl ester; ML, maximum-likelihood; MLSA, multi locus sequence analysis; PHA, poly-bhydroxyalkanoate; TEM, transmission electron microscopy.
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On: Sat, 09 Feb 2019 00:50:26 Haba et al., 2012) . Most species of the genus Halomonas have been recognized as having potential applications in biotechnology due to their capacity to produce compatible solutes, enzymes or exopolysaccharides and for their role in the degradation of pollutants, such as several aromatic compounds (García et al., 2005; Piubeli et al., 2012; Zhuang et al., 2010) . Our research group has studied tyrosol degradation by two strains representing members of the genus Halomonas, TYRC17 and HTB24, both isolated from salted effluents (Liebgott et al., 2007 (Liebgott et al., , 2008a . These effluents result from a mixture of two liquid wastes characterized by hypersalinity and high concentrations of aromatic compounds, such as tyrosol, known to cause environmental problems (Pierantozzi et al., 2012) , especially in the Mediterranean region (Roig et al., 2006) . In this paper, based on a polyphasic approach, we investigated the taxonomic position of strain TYRC17
T .
Various halophilic micro-organisms including TYRC17 T , have been isolated from salted olive-processing effluents, composed of both olive-fermentation brine and olive-oilprocess effluents, which were collected, during winter, in an evaporation pond located in Marrakesh (South Morocco) (Liebgott et al., 2007 (Liebgott et al., , 2008b . The pH and the temperature of the evaporation pond were 5.5 and 12 u C, respectively, with a salinity of 75 g l 21 and a phenolic compound content ranging from 4.32 to 9.95 g l
21
. Briefly, the harvested mud (50 mg wet weight) from the collected samples was used to constitute an enrichment culture by inoculating 25 ml basal medium supplemented with 5 mM tyrosol, which was then incubated at 35 u C with shaking. After successive enrichment cultures leading to complete consumption of the tyrosol, serial dilutions of the last culture were plated onto tyrosol agar basal medium and incubated at 35 u C. The cream-coloured colonies of TYRC17 T were purified by repeated streaking. Liebgott et al. (2008a) showed that this strain, which was very partially characterized, represented a member of the genus Halomonas. TYRC17
T was grown on basal medium containing (in g l 21 ): yeast extract, 1.0; NaCl, 70; KH 2 PO 4 , 0.6; K 2 HPO 4 , 0.6; NH 4 Cl, 1.0; MgCl 2 . 6H 2 O, 10; CaCl 2 , 0.1, at pH 7 and then incubated at 35 uC under agitation at 150 r.p.m. For comparative purposes, cultures of the type strains of the seven closest related species of the genus Halomonas (see Table 1 ) were obtained from the Deutsche Sammlung von Mikoorganismen und Zellkulturen, Brunschweig, Germany (DSMZ) and the Spanish type Culture Collection (CECT). All strains were inoculated under the same conditions as TYRC17
The phenotypic characterization of TYRC17 T includes the recommendations of the proposed minimal standards for describing novel taxa of the family Halomonadaceae (Arahal et al., 2007) . Growth characteristics of TYRC17 T were initially studied by Liebgott et al. (2008a) and confirmed in this work. The NaCl range for growth was determined by adding NaCl [0 %, 2 % and 5-30 % (w/v) in increments of 5 %]. Therefore, the total amount of salts in the medium ranged from 11 to 310 g l
. Growth was also tested without any salt. The specific requirement for NaCl was examined by substituting KCl at the same concentrations tested for NaCl. The temperature range for growth was monitored at 4 u C and between 5 and 55 u C (at 5 u C intervals) and the pH range between pH 4 and 12 (at 1 unit intervals). Standard tests (Gram staining, oxidase, catalase, amylase, caseinase and gelatinase activities) were performed as described previously (Smibert & Krieg, 1994) . Other biochemical tests (indole production, methyl red and Voges-Proskauer tests; hydrolyses of aesculin, gelatin, starch, casein, DNA, tyrosine and Tweens 20 and 80; ONPG, haemolysis and lecithovitellin tests; growth on MacConkey or cetrimide agar; phenylalanine deaminase; lysine and ornithine decarboxylases; nitrate and selenite reductions; oxidation-fermentation tests; gluconate oxidation and urease activity) were performed according to Mata et al. (2002) . All biochemical tests were carried out in the presence of NaCl (7 %, w/v) and at 35 u C, unless stated otherwise. The growth on 20 mM concentrations of different carbohydrates as sole carbon and energy sources was tested in tubes with 5 ml basal medium without yeast extract. Acid production from carbohydrates was determined using a phenol-red base supplemented with 1 % carbohydrate (Ventosa et al., 1982) . H 2 S production from 0.01 % L-cysteine was determined photometrically as colloidal CuS by using the method of Cord-Ruwisch (1985) . Respiration on nitrate and nitrite were tested by Liebgott et al. (2008a) , by adding NaNO 3 (10 mM) or NaNO 2 (10 mM) into the 5 ml pre-reduced basal medium supplemented with glucose (20 mM), in butyl-capped Hungate tubes containing nitrogen atmosphere. Antibiotic susceptibility was determined on agar containing 7 % (w/v) NaCl, using standard antibiotic-discdiffusion method (Bauer et al., 1966) . The presence of flagella was determined by transmission electron microscopy (TEM) after negative staining with 2 % phosphotungstic acid. Production of poly-b-hydroxyalkanoate (PHA) was determined by using the Nile-red staining method (Spiekermann et al., 1999) . PHA-granule and exopolysaccharide (EPS) production of TYRC17 T grown on glucose were confirmed using TEM as previously reported (Bouchotroch et al., 2001) . The results of phenotypic tests are detailed in the species description and in Table 1 .
For analysis of the fatty-acid methyl esters (FAMEs), cells were grown for 48 h, on marine agar supplemented up to 7 % NaCl. FAMEs were determined by the Culture Collection, University of Göteborg (CCUG; Göteborg, Sweden), using the Microbial Identification System (Microbial ID) and compared with the available fatty-acid database. The analyses of polar lipids and quinones and the G+C content determination were carried out by the Identification Service of DSMZ. The novel isolate's FAME composition is C 18 : 1 v7c (42.2 %), C 16 : 1 v7c (15.6 %), C 16 : 0 (14.2 %), C 12 : 0 3-OH (8.7 %), C 19 : 0 cyclo v8c (7.6 %), C 17 : 0 cyclo (4.6 %), C 12 : 0 (3.8 %) with C 10 : 0 , C 13 : 0 iso 2-OH and C 14 : 0 in traces. The respiratory (Dobson & Franzmann, 1996; Fendrich, 1988; Kaye et al., 2004) 
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International Journal of Systematic and Evolutionary Microbiology 64 quinone found is ubiquinone 9 (100 %). The polar lipids detected include phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, three phospholipids and aminoglycolipid. The DNA G+C content of TYRC17 T , obtained by Liebgott et al. (2008a) , is 53.9 mol%, which falls within the range of values reported for other species of the genus Halomonas (Table 2) .
Genomic DNA extraction and amplification of the 16S rRNA gene from TYRC17
T have been performed in a previous study (Liebgott et al., 2008a) . The TYRC17 T sequence was aligned in this work with 16S rRNA sequences from type species of the genus Halomonas retrieved from the GenBank database at the NCBI (http:// www.ncbi.nlm.nih.gov/), using MAFFT (default parameters) (Katoh et al., 2002) . The resulting alignment was visually inspected and manually refined when necessary, using the ED program from the MUST software (Philippe, 1993) . Ambiguously aligned positions were removed using the NET program from the MUST package. The phylogenetic trees were inferred using maximum-likelihood (ML) and Bayesian approaches implemented in TreeFinder (v2011) (Jobb et al., 2004) and MrBayes v.3.2.1 (Ronquist & Huelsenbeck, 2003) , respectively. For each alignment, the best-suited evolutionary model was chosen according to the model selection tool [Akaike's Information Corrected Criterion (AICC)] implemented in TreeFinder. The branch robustness of ML phylogenetic trees was estimated by the non-parametric bootstrap procedure implemented in Treefinder (100 replicates). MrBayes was run with four chains for one million generations. Trees were sampled every 100 generations. To reconstruct the consensus tree, the first 2000 trees were discarded as 'burn-in'.
The phylogenetic analysis of the 16S rRNA indicated without ambiguity that TYRC17
T represented a member of the genus Halomonas. It fell within Group 2 [posterior probability (PP)51.00 and bootstrap value (BV)598 %; Fig.  1a] , which includes the 23 species proposed by de la Haba et al. (2011) , together with Halomonas alkaliantarctica DSM 15686 T for which the name has recently been validly published (Poli et al., 2011) . More precisely, and in agreement with the observed sequence identity ( T (PP51.00 and BV564 %; Fig.  1a ), but the relationships among these species were not significantly supported (PP¡0.95 and BV,80 %). These four strains belonged to a well-supported larger cluster that also contained Halomonas titanicae CECT 7585 T , H. variabilis DSM 3051
T and the more distantly related H. sulfidaeris DSM 15722
T and H. zhanjiangensis DSM 21076 T (PP51.00 and BV588 %; Fig. 1a ).
As suggested by de la Haba et al. (2012) for members of the family Halomonadaceae, four additional markers (23S rRNA, secA, gyrB and rpoD) were analysed through MLSA to clarify the phylogenetic position between TYRC17 T and its seven closest relatives. MLSA is increasingly carried 
Kushneria marisflavi SW32 T (NR_025094)

Halomonas korlensis XK1 T (EU085033)
Halomonas ilicicola SP8 T (EU218533)
Halomonas muralis LMG 20969 T (AJ320530)
Halomonas pantelleriensis AAP T (X93493)
Halomonas lutea YIM 91125 T (EF674852)
Halomonas kribbensis BH843 T (DQ280368)
Halomonas anticariensis FP35 T (AY489405) Halomonas xinjiangensis TRM 0175 T (EU822512)
Halomonas campaniensis 5AG T (AJ515365)
Halomonas mongoliensis Z-7009 T (AY962236)
Halomonas shengliensis SLO14B-85 T (EF121853)
Halomonas cerina SP4 T (EF613112) Halomonas fontilapidosi 5CR T (EU541349)
Halomonas halocynthiae KMM 1376 T (AJ417388)
Halomonas ventosae AI12 T (AY268080)
Halomonas alimentaria YKJ-16 T (AF211860)
Halomonas halodenitrificans ATCC 13511 T (L04942)
Halomonas cupida DSM 4740 T (L42615)
Halomonas organivorans G-16.1 T (AJ616910)
Halomonas koreensis SS20 T (AY382579)
Halomonas pacifica DSM 4742 T (L42616)
Halomonas taeanensis BH539 T (AY671975)
Halomonas salifodinae BC7 T (EF527873)
Halomonas nitroreducens 11S T (EF613113)
Halomonas denitrificans M29 T (AM229317)
Halomonas saccharevitans AJ275 T (EF144149) Halomonas maura S-31 T (AJ271864)
Halomonas salina F8-11 T (AJ295145)
Halomonas halophila CCM 3662 T (AM941744)
Halomonas almeriensis M8 T (AY858696)
Halomonas sabkhae 5-3 T (EF442769)
Halomonas halmophila ATCC 19717 T (AJ306889)
Halomonas caseinilytica AJ261 T (EF527874)
Halomonas eurihalina ATCC 49336 T (X87218)
Halomonas elongata DSM 2581 T (X67023)
Halomonas gudaonensis SL014B-69 T (DQ421808)
Halomonas campisalis 4A T (AF054286)
Halomonas kenyensis AIR-2 T (AY962237) Halomonas daqingensis DQD2-30 T (EF121854)
Halomonas desiderata FB2 T (X92417)
Halomonas subglaciescola DSM 4683 T (AJ306892)
Halomonas vilamensis SV325 T (EU557315)
Halomonas gomseomensis M12 T (AM229314)
Halomonas arcis AJ282 T (EF144147)
Halomonas janggokensis M24 T (AM229315)
Halomonas subterranea ZG16 T (EF144148)
Halomonas sulfidaeris DSM 15722 T (AF212204)
Halomonas variabilis DSM 3051 T (AJ306893)
Halomonas alkaliantarctica DSM 15686 T (AJ564880)
Halomonas andesensis LC6 T (EF622233)
Halomonas hydrothermalis SIthf2 T (AF212218)
Halomonas alkaliphila 18bAG T (AJ640133)
Halomonas venusta DSM 4743 T (AJ306894)
Halomonas axialensis Althf1 T (AF212206)
Halomonas johnsoniae DSM 21197 T (AM941399)
Halomonas meridiana DSM 5425 T (AJ306891)
Halomonas magadiensis 21 MI T (X92150)
Halomonas stevensii DSM 21198 T (AM941388)
Halomonas hamiltonii DSM 21196 T (AM941396)
Halomonas aquamarina DSM 30161 T (AJ306888)
Halomonas neptunia DSM 15720 T (AF212202)
Halomonas boliviensis DSM 15516 T (AY245449)
Halomonas olivaria TYRC17 T (DQ645593)
Halomonas titanicae CECT 7585 T (FN433898)
Halomonas zhanjiangensis DSM 21076 T (FJ429198) 1.00/88
1.00/57
1.00/99
1.00/ 100
1.00/94
1.00/93
1.00/ 100 1.00/100 out to resolve the relationships between closely related lineages for which 16S rRNA alone is not sufficiently discriminant (Amouric et al., 2011; de la Haba et al., 2012; Slyemi et al., 2011) . We used primers and conditions described in previous studies to amplify the rpoD, secA and 23S rRNA genes (de la Haba et al., 2010 Haba et al., , 2012 . For gyrB, we designed a primer pair (59GAGTTGGTGGATAACTCCA-TCG39 and 59AATGACCGRGTGGTARCGCA39). The PCR program consisted of an initial denaturation step at 94 u C for 2 min 30 sec, followed by 30 cycles of 30 sec at 94 u C, 40 sec at 50 u C, 1 min 30 sec at 72 u C, with a final extension step at 72 u C for 5 min. The corresponding gene sequences were submitted to GenBank (Table 3 ). The other sequences used for the MLSA were retrieved from GenBank. For each marker, a multiple alignment was performed as described above. A supermatrix of 6630 nt positions was then constructed by concatenating the alignments of the five studied genes and used for ML and Bayesian inferences.
The ML and Bayesian trees for each gene confirmed the proximity between TYRC17 T and the seven type strains mentioned above (all PP51.00 and all BV.87 %, except for rpoD; Fig. S1 available in IJSEM online). TYRC17
T did not group specifically with any of the seven species, indicating that this strain did not belong to any of currently recognized species of the genus Halomonas. The analysis of the five genes simultaneously allowed clarifying the phylogenetic position of TYRC17
T . It suggested a close relationship with H. boliviensis and the group formed by H. titanicae, H. alkaliantarctica and H. neptunia (PP50.97 and BV558 %; Fig. 1b) , without supporting a specific relationship between the novel isolate and these four species and suggested that TYRC17 probably represents a distinct lineage within the genus Halomonas.
DNA-DNA hybridizations performed between TYRC17
T and its closest relatives were carried out at the DSMZ as previously described (Amouric et al., 2011) . The levels of DNA-DNA relatedness range from 21.6 % to 48.4 % ( Table  2) . These values were far below the threshold of 70 % used for the definition of species, according to the recommendation of the ad hoc committee (Wayne et al., 1987) , indicating that TYRC17
T represented a genotypically novel species within the genus Halomonas.
As regarding the phenotypic properties, TYRC17
T can be also distinguished from its closest relatives (Table 1 ). The seven species were not able to grow at 50 u C and most of them, except H. titanicae (42 u C) and H. boliviensis (45 u C), did grow at temperatures exceeding 40 u C. TYRC17
T required 7 % (w/v) NaCl for optimal growth, whereas the most closely related species (except H. titanicae) had an optimum below 6 % or above 9 % (w/v) NaCl. Tween 20 hydrolysis was positive for the novel isolate, which was different from most of the other species of the genus Halomonas compared. It was able to produce acids from various carbohydrates, in contrast to H. boliviensis and H. variabilis, and unlike other species (except H. zhanjiangensis), it was able to produce acid from trehalose. The two distantly related species H. zhanjiangensis and H. sulfidaeris as well as H. boliviensis differed from TYRC17 T in their inability to hydrolyse aesculin, tyrosine or ONPG or to use various carbon sources. In addition, TYRC17
T also differed from its four closest relatives in many respects. For example, it had peritrichous flagella unlike H. boliviensis and H. alkaliantarctica. The novel strain did not use melibiose or D-ribose for growth, in contrast to H. alkaliantarctica and H. neptunia. Finally, H. titanicae had a higher G+C content and did not use D-mannose, maltose or succinate. (Poli et al., 2011) ; 3, H. neptunia (Kaye et al., 2004); 4, H. boliviensis (Quillaguaman et al., 2004); 5, H. titanicae (Sanchez-Porro et al., 2010) ; 6, H. variabilis (Kaye et al., 2004) ; 7, H. sulfidaeris (Kaye et al., 2004) ; 8, H. zhanjiangensis (Chen et al., 2009 Halomonas olivaria sp. nov.
Taken together, our results clearly established the affiliation of the isolate TYRC17 T to the genus Halomonas. Based on important differences observed for phenotypic and chemotaxonomic features, and supported by the DNA-DNA hybridization studies and by phylogenetic analyses, it appeared that TYRC17 T represented a novel species of the genus Halomonas, for which we propose the name Halomonas olivaria sp. nov.
Description of Halomonas olivaria sp. nov.
Halomonas olivaria (o.li.va9ri.a. is N.L. fem. adj. olivaria of or belonging to olives, related to olive-processing effluents from where the type strain was isolated).
Cells are Gram-stain-negative, motile with peritrichous flagella (Fig. 2a) , non-spore-forming rods, with lengths and widths of 1.5-3.0 mm and 0.3-0.5 mm, respectively. Colonies are round, slightly convex, with regular borders. They are 2.0-3.0 mm diameter after incubation for 5 days on basal medium with 2 % agar and tyrosol, they are opaque with a white colouring and a rough surface. Growth occurs between 4 u C and 50 u C with an optimum at 35 u C. No growth is detected at 55 u C. Considered to be psychrotolerant owing to its ability to grow at 4 u C. It grows at pH values of between 5 and 11 (optimal pH for growth 7.0). It is moderately halophilic (NaCl range 0-25 %) and optimal growth occurs in the presence of 7 % (w/v) NaCl. KCl, at the same concentration, supports growth well but no growth is observed without any salt.
Accumulates poly-b-hydroxyalkanoates and produces exopolysaccharides (Figs. 2b, c) Sensitive to (30 mg per disc each): chloramphenicol, kanamycin, rifampicin and tetracycline. Resistant to erythromycin (15 mg), penicillin G (10 mg) and streptomycin (10 mg). The main cellular fatty acids are C 18 : 1 v7c, C 16 : 1 v7c and C 16 : 0 . Q-9 is the only ubiquinone. The polar lipids include phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylglycerol, three phospholipids and aminoglycolipid. A. Amouric and others
